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Viscoelastic materials are often characterized by a completely monotone ker-
nel : this gives rise to dynamical systems involving a convolution term. These
systems can be treated in a quite general framework, but still, an efficient way of
tackling these convolution terms is to transform them into so-called diffusive rep-
resentations. The idea is to add an extra memory variable to the original system,
which helps suppress the convolution term : it amounts to a kind of a realization,
in the sense of systems theory. In the linear case, the analysis of such an aug-
mented system can be performed within the framework of evolution semigroups.
Eventhough some Lyapunov functional is to be found for the augmented system,
LaSalle’s invariance principle can not be applied to it, since a lack of compact-
ness is to be found in the equivalent model : hence, for the proof of asymptotic
stability property, we resort to Arendt-Batty theorem.
In the second part of the talk, we will focus on the following worked-out
examples, stemming from diverse engineering applications:
• the Webster-Lokshin wave equation in musical acoustics, with a fractional
derivative in time. Some numerical schemes will be presented to illustrate
the behaviour of these viscous systems;
• a sandwich structure composed of elastic and viscoelastic materials, de-
scribed by the Zener model, including the frequency-dependence of the
mechanical properties of a viscoelastic material;
• the linearised Euler equations with impedance boundary conditions which
arise in aeronautics, and makes use both of fractional derivatives and time
delays: so-called parabolic-hyperbolic realization will be used to study this
system theoretically, and to perfom numerical simulations;
• the Burgers-Lokshin equation, a non-linear fractional PDE arising in the
modelling of brass instruments, whence the famous brassy effect.
Collaborators: Part of the talk is joint work with Ghislain Haine, from ISAE-Supae´ro,
and with Florian Monteghetti, Ph.D. student co-advised with E. Piot (Onera, France).
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